To evaluate the effect of short and long term alloxan-induced diabetes on bladder and urethral function of female rats, and also describing its correlated morphological alterations.
Introduction
Lower urinary tract dysfunction is among the most common and costly consequences of diabetes mellitus (DM), and the bladder has been the primary focus of study for these complications 1 .
The classic description of diabetic cystopathy comprises decreased bladder sensation, impaired detrusor contractility and impaired bladder emptying with resultant elevated post-void residual urine volume. In addition to these functional impairments, DM also induced alterations in bladder mass, tissue composition, and compliance 2, 3 . Recent findings support the hypothesis that muscle atrophy and fibrosis occur in aging and these processes are more severe in the diabetic rat urethras. Also associated a suggest that bladder dysfunction of the diabetic patients correlates with the underlying morphological alterations of detrusor muscle layer and ratio of collagen I and III more than with diabetic autonomic neuropathy 4, 5 .
In this study, we aimed to evaluate the effects of DM at six and 20 weeks after DM induction on urodynamics evaluation and also, to verify the morphologic alterations correlation with the contribution of DM to the voiding dysfunction seen in diabetic rats.
Methods
All procedures involving animals were in accordance As inclusion criteria for diabetic animals and the hyperglycaemic state was confirmed through blood glucose testing 72 hours later, by the glucose oxidation method (Accu-Check Complete System, Roche). Functional and morphological evaluation were performed at six and twenty weeks and diabetic animals were compared to control ones.
Urodynamic evaluation
The evaluation was performed after intraperitoneal anesthesia with urethane (1.25 mg/kg weight) 6 . After suprapubic median laparotomy, a PF-50 polyethylene catheter was introduced and fixed on the bladder fundus and exteriorized by counter-opening in the dorsolateral region. The absence of local extravasation and catheter permeability were checked 7 and cystometry was performed through this catheter.
The parameters analyzed in the cystometry evaluation Each animal was submitted to urodynamic evaluation for 30 minutes and sacrificed while still under the effect of anesthesia.
Data were analyzed based on the following parameters:
mean urethral pressure during detrusor contraction (PUC) and mean urethral pressure during bladder filling (UPF).
Statistical analysis
The obtained values of parameters of cystometry and urethral pressure recordings were evaluated using nonparametric Kruskal Wallis with Dunn post-test, considering significant differences with a p<0.05. The results were expressed as mean ± standard deviation (SD). Calculations were made using GraphPad Prism 3.02.
Before death, the rats were sedated with urethane (1.25 mg/kg), weighed, and blood samples were taken for glucose quantification. Infections were excluded by culturing urine samples collected by bladder puncture. The rats were killed by intraperitoneal Injection of pentobarbital (200 mg/kg). The proximal portions of the urethra and anterior portions of the bladder fundus were removed and fixed at the optimal length in neutral buffer formalin (10%) for 24 hours. The paraffin-embedded tissues were sectioned at a 5-ưm thickness and stained for muscle layer thickness, connective tissue, and collagen analysis. The experimental protocol followed the guidelines of the experimental ethics committee of our institution.
Histologic sample manipulation
The stained sections were analyzed with a Carl Zeiss-2
Axiskop plus microscope (Carl Zeiss, Jena, Germany) with 
Morphological analysis
The total thickness and muscular layer thickness were measured on images stained with hematoxylin-eosin. Three linear measures from different quadrants of each image were performed in each field, with the results represented in microns. The connective tissue area, total area, and muscle area were measured on images stained with Masson's trichrome stain.
Results
After six weeks of induction of diabetes, the 17 animals monitored, eight animals were in the phase of decompensation of the detrusor muscle, evolving with bladder hipoactivity. These animals were separated and designated groups G2b. For the end of the study could take the data from this intermediate group for comparisons.
The diabetic rats (groups 2 and 3) demonstrated a lower weight and greater glucose levels at death than the control rats (group 1). All urinary microbiologic cultures were negative before death.
Functional evaluation
No significant difference was observed between groups in the analysis of MMP (p=0.633), BF (p=0.746), F (p=0.5717) or TF (p=0.07) ( Table 1) . However, in 20 weeks alloxan-induced diabetes rats, there was a significant reduced bladder pressure accomplish poor emptying, and detrusor smooth muscle failure. That's why we couldn't compare the following parameters with the others groups.
Bladder contraction time (TC)
There was a significant increase in this variable in the group of diabetic rats. The post hoc Dunn test revealed that this difference occurred between G1 and G2 animals (p=0.0278)*.
Urethral pressure during detrusor contraction (PUC).
There was a significant difference between G1 and G2B (p=0.001), group G1 and G3 (p=0.001) (Figure 1 ).
Urethral pressure during bladder filling (UPF)
There was a significant difference between G1 and G2B 
Bladder and urethral morphological analyses
The bladders from groups 3 and 2 had greater values of total thickness (TTB) than did the control group (p <0.0001) ranging between 552.96 µm (G1) and 898.93 µm (G3). The bladder muscle layer thickness (BMT) from groups 3 and 2 had greater values than did the control group (p< 0.0001) ranging between 377.29 µm (G1) and 603.49 µm (G3) ( Table 2 ).
The urethras from groups 3 and 2 had greater values of total thickness (TTU) than did the control group (p<0.0001) ranging between 192.75 µm (G1) and 419.58 µm (G3) ( Table 2 ).
The urethra from groups 3 and 2 had lower thickness of the urothelium of the urethra (TUU). There was a significant difference between G1 and G2 (p=0.01), group G1 and G3 (p=0.01), ranging between 13.73 µm (G1) and 12.17 µm (G3).
The bladder from group 3 and 2 had lower thickness of the urothelium of the bladder (TUB). There was a significant difference between G1 and G2 (p=0.001), groups G1 and G3 (p=0.001), ranging between 12.12 µm (G3) e 14.95 µm (G1) ( Table 2) .
Histological analysis
Some histological changes were observed in the urethra, but mainly in the urinary bladder of diabetic animals with six weeks (G2) and twenty weeks (G3) compared to the control group (G1). Thus, an increase of collagen fibers and thus increasing the thickness of the lamina in the urethra was observed ( Figure   5 ) and the bladder ( Figure 6 ) this latter sometimes accompanied by the presence of mast cells and macrophages ( Figure 7 ) in the perivascular area, mainly in G3. The total bladder connective tissue area (BCT) was larger in group 3 than in group 1 (p=0.001) ranging between 161.76 29 µm (G1) and 281.31 µm (G3).
Discussion
Diabetes mellitus (DM) has reached epidemic proportions worldwide. Complications of DM are the most important diseasespecific determinant of quality of life. Because the findings might be useful for future clinical applications, it was reasonable to investigate the effects of diabetes on the lower urinary tract of experimental models. The present study used an induced diabetic rat model. We also chose not to offer any treatment, including insulin replacement, to enhance the effects of the hyperglycemic state on the tissues we evaluated. In the present study, the efficacy of the alloxan-induced diabetic model was confirmed by the high levels of serum glucose and lower weights among the diabetic rats than among aging rats at their death [6] [7] [8] [9] [10] [11] [12] [13] .
One important finding in the present study is that higher levels of urethral pressure values during bladder contraction at six weeks of alloxan-induced diabetes. Moreover, the urethral pressure proved to be significantly higher in animals with detrusor dysfunction (G2B) than those who were preserved with detrusor function (G2) at six weeks of induction of diabetes.
Few studies have investigated long-term alterations in the urethra secondary to diabetes. After 20 weeks of observation,
Liu et al. 14 described functional alterations of the external urethral sphincter in diabetic rats associated with atrophy of the striated muscle from the middle urethra. In contrast, short-term et al. 17 they probably lead to outlet obstruction. It is clear that the urethra plays an important role in long-term lower urinary dysfunction and that it should be better evaluated by additional studies [14] [15] [16] [17] . Short-and long-term diabetes-induced bladder dysfunction has been well described in published studies and has been correlated with morphologic changes. Acute detrusor muscle hypertrophy, changes in the urothelium, lamina propria, and collagen, and changes in bladder neurons and neurotransmitters have all been described 12, 19 . Our group has previously correlated bladder dysfunction with the morphometric and collagen changes in alloxan induced diabetic rats 18 .
The high levels of urethral pressure during voiding in diabetic rats may be an important role in understanding the pathophysiology of diabetic cistopatia, since this finding may be correlated with a significant increase in thickness of the urethra found in diabetic rats, six weeks and especially at 20 weeks of induction ( Figure 6 ). could suggest a metabolic alteration and consequent dysfunction of the detrusor muscle 18 .
There was an increase in the thickness of the lamina propria of the bladder in diabetic rats. This finding may be related to collagen deposition that occurs at different rates in diabetic animals and in healthy animals. There is evidence in the literature that there is an increase in the proportion of type III collagen in diabetic animals than in healthy animals, young or old.
There was an increase in thickness of bladder detrusor smooth muscle in diabetic rats. This increase was more pronounced with time twenty weeks duration of diabetes that occurs demonstrating a significant hypertrophy of the detrusor muscle.
Pitre et al. 11 reported an increase in total mass of the bladder and the lumen cross-sectional area according to time in diabetic rats from five weeks demonstrating induction of hypertrophy and dilatation of the detrusor correlated with the duration of diabetes.
Regarding the urethra there was a decrease in the thickness of the urothelium diabetic rats after six and twenty weeks of induction of experimental diabetes. However, the total thickness of the urethra increased considerably, which may be due to hypertrophy of the urethral muscle layer.
Gasbarro et al. 20 carried out histological analysis of the urethra in rats after six weeks of induction of diabetes and found that the external sphincter showed edema and fibrosis periurethral muscle layer. This infiltration of collagen leads to a sharp discontinuity of the urethral striated muscle structure compared with the control group. The bladder wall of diabetic rats showed edema and vasculopathy. These associated with dilated vascular channels changes may contribute to noticeable changes in the microenvironment of the smooth muscle and connective tissue structure bladder.
Studies evaluating the morphology of the lower urinary tract in diabetic rats reveal neuropathological findings as vacuolization of ganglion cells of the bladder wall, the presence of sympathetic neurons giants hipocromaticas ganglion cells, demyelination and axonal changes [21] [22] .
In the present study we observed increased presence of macrophages and mast cells in the perivascular area, mainly in the urinary bladder of diabetic animals with longer induction, sometimes accompanied by the presence of vacuoles in some myelinated nerve fibers present in the lamina propria. These findings are suggestive of an inflammatory process in the stroma of the bladder in the diabetic state may be related to oxidative stress associated with characteristics complications of diabetes mellitus. The severity of bladder injuries is also correlated to the duration of diabetes as observed in other studies 12, 20 . Most studies, however, have not correlated morphological bladder lesions with the duration of diabetes mellitus and urodynamic evaluation.
Conclusions
Diabetes induces urethropathy is characterized by increased peak urethral pressure during voiding associated with increased total thickness of layer of urethral rats. Changes in the urethra function and morphological components should be included as a possible impairment factor in studies evaluating lower urinary tract dysfunction induced by diabetes.
